In this investigation, we examined the influence of different DNA extraction protocols on results obtained for intestinal microbiota of Prussian carp. We showed that significant differences were observed in numbers of reads, OTUs, Shannon index and taxonomic composition between two different DNA extraction protocols for intestine of Prussian carp (Carassius gibelio), and differences were also evident between microbial communities in the intestinal mucosa and intestinal content. Statistical analyses of 25 published articles also revealed a significant relationship between methods of DNA extraction and bacterial diversity in fish intestine of freshwater species. Microbial diversity, community structure, proportions of read numbers derived from each OTU and the total number of OTU's obtained by different DNA extraction protocols could lead to a bias in results obtained in some cases, and therefore researchers should be conservative in conclusions about community structures.
INTRODUCTION
Aquatic habitats are open systems in which hydrobionts constantly interact with microorganisms present in the water and the bottom sediments, as well as with those associated with food (Austin 2002) . Intestinal microbiota plays an important role in the processes of digestion, homeostasis, general metabolic regulation and defense against pathogenic organisms in fish (Perez et al. 2010; Nicholson et al. 2012) .
For the study of complex bacterial communities, various molecular methods have been used, including but not limited to, denaturing gradient gel electrophoresis (McIntosh et al. 2008; Mouchet et al. 2012) , temporal temperature gradient gel electrophoresis (Uchii et al. 2006) , fluorescence in situ hybridization (Huber et al. 2004) , clone libraries (Kim, Brunt and Austin 2007; Han et al. 2010; Xing et al. 2013) , 16S PCR-TRFLP (Liu et al. 1997; Blackwood et al. 2003) and next-generation sequencing or NGS (Smith et al. 2012; Wu et al. 2012 Wu et al. , 2013 Xing et al. 2013; Kashinskaya et al. 2015) .
Differences found when comparing composition of bacterial communities between fish are difficult to interpret. These difficulties are associated not only with the type of material being analyzed, but also with methodological limitations. Moreover, in studying bacterial diversity in fish gut many researchers are often using only intestinal content (Moran, Turner and Clements 2005 ; Skrodenyte-Arbaciauskiene, Sruoga and Butkauskas 2006; Uchii et al. 2006; Han et al. 2010; Smriga, Sandin and Azam. 2010; Silva et al. 2011; Navarrete et al. 2012; Wu et al. 2013) , or whole gastrointestinal tract (Mac Cormack and Fraile 1990; Romero and Navarrete 2006; Lan and Love 2012; McDonald, Schreier and Watts 2012; Li et al. 2013) , while others separate microbiota of intestinal mucosa and intestinal content (Kim, Brunt and Austin 2007; Wu et al. 2010; Xing et al. 2013) . Furthermore, as might be expected there is a bias in the literature toward farmed fish species Xing et al. 2013; Wu et al. 2013) , while studies of the gut microbiota of wild populations of fishes are few (Skrodenyte-Arbaciauskiene, Sruoga and Butkauskas 2006; Uchii et al. 2006; Bacanu et al. 2012) . Furthermore, it is the wild fish whose diets vary according to the season and the uniqueness of diet present in different distinct geographical locations. These are areas of fish nutrition related to the microbiota that are poorly studied, but may provide more information on the influence of diet (or lack thereof) on the composition of the microbiota, whereas captive reared fish are normally on a fixed regimen that varies only during the on-growing period.
As an essential step, DNA extraction is used in many fields of research where molecular analyses are implemented (Chen et al. 2010) . Numerous techniques have been developed for extraction and purification of total DNA from different types of samples such as human gut microbiota (Salonen et al. 2010; Ghatak, Muthukumaran and Nachimuthu1 2013) , archeological sources (Rohland and Hofreiter 2007) , different types of soil (Kirk et al. 2004; Islam et al. 2012) , natural environments (Griffiths et al. 2000) and many others. Also, it has been shown that different methods have various effects on DNA quantity and quality. Subsequent to extraction, additional purification steps that may be implemented can lead to loss of DNA, again potentially biasing molecular diversity analysis (Kirk et al. 2004) . Unfortunately, with the exception of several works (He et al. 2009; Larsen, Mohammed and Arias 2014) , the information regarding the influence of DNA extraction on the documented diversity of the bacterial community in fish gut is still poor. However, it was demonstrated by calculating the A260/A230 and A260/A280 ratios that the method of extraction affects the DNA quality and quantity (Giacomazzi, Leroi and Joffraud 2005; Tina et al. 2014) . But, diversity analysis and taxonomic composition in fish gut using multiple DNA extraction methods for analysis of the same group of samples has not been previously investigated.
To that end, the purpose of this study was to compare different DNA extraction protocols used for studying the bacterial community of the intestine in wild Prussian carp. Prussian carp, Carassius gibelio (Bloch 1782) is a freshwater omnivorous fish from the Cyprinidae family. Cyprinidae are distributed over a vast range, and a valuable species of commercial and recreational fisheries (Vasilyev et al. 2005) . To compare bacterial diversity in Prussian carp intestine, we used two commercial DNA extraction kits: AxyPrep Multisource Genomic DNA Miniprep Kit and DNA-sorb B. Analysis of the results obtained was used to help to identify potential biases associated with the purification steps when undertaking studies of the bacterial community in fish. As the fishes collected for this study were obtained in the summer, this study also provides a baseline for future studies of this species to understand how seasonal variation in diet of wild caught fish may also affect compositional diversity and seasonal variation of the microbiota. In addition, it is necessary to take into account that intestinal microbiota in fishes is influenced by host ecology and environment. For future studies, it will be important to evaluate interactions between environmental, host physiological factors (e.g., geographic location, water temperature, diet composition, developmental stage, digestive anatomy and physiology) and composition of the gut microbiota.
MATERIALS AND METHODS

Study area and sample collection
Fishes were collected in June-July 2013 in Malye Chany Lake, which is a shallow, eutrophic lake in Western Siberia (Russia, 54 0 36'56.3"N, 78 0 12'5.9"E) (Smirnova and Shnitnikov 1982) . The basin area is about 30 000 km 2 , with the lake having a surface area of 1500 km 2 ; depths fluctuate from 1.4-1.9 to 4.8-8.5 m (Vasilyev et al. 2005) . Seven individuals of Prussian carp (average size 259 ± 22.7 mm) were captured using gill nets (mesh sizes 55 and 65 mm) and transported alive to the laboratory in plastic containers (∼during 1 h). The fishes were humanely sacrificed by a blow to the head before sampling. Prior to dissection, fish skin was cleaned of mucus using a cotton wad, disinfected with 70% ethanol; afterwards the abdomen was dissected using sterile instruments and the intestine was removed. Analysis of the mucosal layer and intestinal content was performed separately. The intestine were treated with 70% ethanol from the outside, and then cut along their length in sterile conditions. For each individual fish, the contents were taking out, mixed in a sterile plate and collected into a sterile microcentrifuge tube separately. The upper mucosa was then scraped off with a sterilized spatula and collected in another a sterile microcentrifuge tube.
Sample preparation and DNA extraction
In our work, we use two common commercial kits to extract total DNA from fish intestine: AxyPrep Multisource Genomic DNA Miniprep Kit (Axygen Biosciences, Union City, CA, USA) and Kit DNA sorb B (kit for DNA extraction, Central Research Institute of Epidemiology, Moscow, Russia). The AxyPrep Multisource Genomic DNA Miniprep Kit is designed to purify genomic DNA from various types of sources (animal and plant tissues, filamentous fungi, cultured cells, lymphocytes, bone marrow, bone and others), and utilizes chemical lysis with proteinase K digestion for cell disruption. Kit DNA sorb B is designed to extract DNA from a wide variety of clinical materials such as phlegm, feces, blood, saliva and others. The method is based on the lysing and nuclease-inactivating properties of the chaotropic agent guanidiniumthiocyanate together with the nucleic acid-binding properties of silica particles or diatoms in the presence of this agent (Boom et al. 1990) . Before DNA extraction, the mucosa and intestinal content from each individual fish were cut aseptically by scissors into small flakes and mechanically homogenized by pestle for 1 min using a hand-held homogenizer. Each sample of mucosa and intestinal content from seven fish were divided into 28 tubes: 14 for DNA extraction with the DNA-sorb B kit and 14 for extraction with the AxyPrep Bacterial Genomic DNA Miniprep kit. Fresh tissue samples were fixed immediately in a lysis buffer from each kit. Following the kit manufacturer protocols, DNA was extracted from samples of 100 mg by DNA-sorb B kit and of 20 mg by AxyPrep kit, thus representing a 5-fold difference in starting material used for each kit.
16S rDNA metagenomic sequencing
The V3-V4 region of the 16S rRNA genes was amplified with the primer pair 343F (5'-CTCCTACGGRRSGCAGCAG-3') and 806R (5'-GGACTACNVGGGTWTCTAAT-3') combined with Illumina adapter sequences, a pad and a linker of two bases, as well as barcodes on the primers (Caporaso et al. 2012) ng PCR product from each sample was pooled together and purified through MinElute Gel Extraction Kit (Qiagen, Hilden, Germany). Sample libraries for sequencing were prepared according to the MiSeq Protocol (Illumina) and protocols described previously (Caporaso et al. 2011 (Caporaso et al. , 2012 . Sample denaturation was performed by mixing 4.5 μl of combined PCR products (4 nM) and 4.5 μl 0.2 M NaOH. Denatured DNA was diluted to 14 pM and 510 μl mixed with 90 μl of 14 pMPhix library. A total of 600 μl of sample mixture, together with customized sequencing primers for forward, reverse and index reads, were loaded into the corresponding wells on the reagent cartridge of the 500-cycle PE kit and run for 2×250 bp paired-ends sequencing on MiSeq Illumina sequencer.
Sequence processing and statistical analysis
Contigs between read pairs of raw Illumina fastaq files were assembled and quality filtered with Mothur 1.31.2 (Schloss et al. 2009 ). Any contigs with ambiguous sites (i.e. N) were removed, as well as sequences shorter that 330 bp. Furthermore, QIIME 1.8.0 (Caporaso et al. 2010) was used for chimera checking, operational taxonomic unit (OTU) clustering and taxonomy assignment. In particular, sequence reads were assigned to OTUs using QIIME UCLUST wrapper (with a threshold of 97%); taxonomic assignments of OTU representative sequences were done using the QIIME-based wrapper of the RDP classifier (with a 0.80 confidence threshold). Diversity indices were calculated using QIIME 1.8.0 (Schloss and Handelsman 2008) . Shannon index was calculated by the following formula H = -((n i /N)ln(n i /N)), where n i /N is the fraction of individuals of i th species in the community, and N is the total abundance of the community. The OTU stacked bar plots were built with Explicet software package (version 2.9.4.) and used for designating the top 10 OTUs in each community library (Robertson et al. 2013) .
To visualize bacterial community bias due to the type of extraction, non-metric multidimensional scaling (NMDS) analysis was used based on the Bray-Curtis similarity. In order to statistically quantify groupings seen in NMDS plots, two-way crossed analysis of similarities (ANOSIM) were performed. All these analyses were performed with the statistical software PAST, version 1.93 (Hammer, Harper and Ryan 2011) .
For estimating the differences between the Shannon index values in samples obtained with different DNA extraction methods, the Tukey HSD post hoc test after ANOVA was used. For determination of the correlations between bacterial diversity and different analyzed parameters (family, age, trophic level and DNA extraction), the non-specific correlation analysis (Gamma test at p≤0.05) was applied. Both of these methods were conducted using the STATISTICA software package, version 8 (StatSoft Inc., Tulsa, OK, USA). In the same program, a correspondence analysis (CA) was also used for analysis of published data (meta-analysis) of relationship between methods of DNA extraction and bacterial diversity.
Nucleotide sequence accession numbers
Nucleotide sequences were deposited in the Sequence Read Archive (NCBI), accession number SRP068891.
Comparative analysis of bacterial communities from fish gut
For supporting our results, we performed a metadata analysis of 25 published articles where the diversity of bacterial community of fish had been assayed. In this analysis, we included only freshwater fish that was divided into five different groups depending on the type of DNA extraction that had been used in that study: (i) commercial kit; (ii) organic extraction (using phenol, chloroform and isoamyl alcohol); (iii) salting-out methods (using high concentrations of salt such as potassium acetate or ammonium acetate for precipitation of nucleic acid apart from proteins and other contaminants from the cell lysate); (iv) hexadecyltrimethylammonium bromide, CTAB method (for cell lyses); (v) silica-guanidiniumthiocyanate, SGT method (for cell lyses and DNA adsorption with silica particles).
All fishes analyzed in these extant studies belonged to eight different families: for 'commercial kit', Salmonidae (5), Cyprinidae (11), Bagridae (2), Clupeidae (1), Percichthyidae (1), Poeciliidae (1) and Loricariidae (1); for 'organic methods', Cyprinidae (6) and Salmonidae (2); for 'CTAB', Cyprinidae (2); for 'SGT', Cyprinidae (1) and for 'salting-out', Cyprinidae (2) and Cichlidae (6) ( Table 1) . For comparative analysis, we used the bacterial diversity of the three first dominant OTUs (dOTUs) at the level of phylum that were found in fish intestine samples: A-Proteobacteria; B-Proteobacteria, Firmicutes; CProteobacteria, Firmicutes, Bacteroidetes; D-Proteobacteria, Fusobacteria, Firmicutes; E-Actinobacteria, Firmicutes, Proteobacteria; F-Proteobacteria, Fusobacteria, Bacteroidetes; G-Cyanobacteria, Proteobacteria, Actinobacteria; HFirmicutes, Bacteroidetes, Spirochaetes; I-Fusobacteria; JProteobacteria, Firmicutes, Cyanobacteria; K-Proteobacteria, Fusobacteria; L-Proteobacteria, Actinobacteria. The three dOTUs were operationally defined as the three taxa with the largest percentage values of the total taxa observed in the study samples. These dOTUs were defined according to results obtained by direct Sanger sequencing or NGS (if the methods used included Sanger sequencing and NGS in the same study, the dOTUs were defined by NGS).
In addition, trophic level, age and type of tissue obtained from fish were taken into account. All fishes were divided into five groups with codes as 1, 2, 3, 4 and 5 that correspond to real trophic levels 2.0-2.5; 2.5-3.0; 3.0-3.5; 3.5-4.0 and 4.0-4.5, respectively, for each fish species of their respective study and according to published data provided in the FishBase information page (http://www.fishbase.org. 10/2015; Froese and Pauly 2000) . In this comparative analysis, we included the studies in which researchers used separate intestinal mucosa and intestinal content or whole intestine as starting materials to better understand relationship between this factor (type of tissue) and bacterial diversity in fish. 
The result of comparative analysis (CA) of bacterial communities from fish gut is represented in the two-dimensional plot where each geometric figure represents the row and column coordinates which were calculated by the Pearson Chi-square test in the two-way 
RESULTS
Diversity analysis and taxonomic composition
A total of 7302 OTUs and a total number of 326 443 reads were obtained from all samples (Table 2) . Results obtained by different DNA extraction methods have shown that the microbiota from intestinal mucosa and intestinal content of Prussian carp extracted by DNA-sorb B is more diverse than the microbiota from the same samples extracted by the AxyPrep Bacterial Genomic DNA method (AxyPrep below). According to the results obtained from Tukey HSD post hoc test, the Shannon index value from the AxyPrep samples was significantly lower than in samples extracted by DNA-sorb B (P < 0.0001), indicating structural variation due to sample treatment. For intestinal mucosa and intestinal content (DNA-sorb B extraction), Shannon index was 2.4±1.1 and 2.9±0.7, respectively. For intestinal mucosa and intestinal content (AxyPrep extraction), Shannon index was 1.2 ± 0.9 and 1.1±0.5, respectively. Shannon index from the bacterial community of Prussian carp based on the factor of type of tissue (intestinal mucosa vs intestinal content) did not differ significantly among fish.
Significant difference in number of observed reads was found only in intestinal mucosa (27 984 reads) and intestinal content (162 327 reads) extracted by DNA-sorb B (P = 0.018). In turn, the number of OTUs in all samples differed significantly in regard to both factors (type of tissue and type of extraction) related to the samples (P < 0.0002). The number of OTUs in AxyPrep samples (1561) was significantly lower than in DNA-sorb B samples (5741).
The microbial community from intestinal mucosa and content of Prussian carp extracted by different DNA extraction methods was dominated by Proteobacteria (47.8% in mucosa and 67.9% in content extracted by DNA-sorb B; 86.5 and 98.3% in the same samples extracted by AxyPrep). Firmicutes was the second dominant phylum found in DNA-sorb B and AxyPrep samples, varying in abundance from 1.6% to 37.9% (Fig. 1) . Another wellrepresented phylum was Bacteroidetes in DNA-sorb B samples (10.0% in intestinal mucosa and 11.1% in content) in comparison with AxyPrep samples (relative abundance was <0.01% in all cases).
Other phyla were no more than 3% and included Fusobacteria, Acidobacteria, Actinobacteria, Verrucomicrobia, Cyanobacteria and Chlamydiae. But, among this group of bacteria some variations existed between AxyPrep and DNA-sorb B samples. Thus, in intestinal mucosa and content samples extracted by DNA-sorb B, the taxa observed were predominately Cyanobacteria and Fusobacteria in comparison with the same samples extracted by AxyPrep, where Chlamydiae, Acidobacteria and Actinobacteria predominated.
On a lower taxonomic level, microbial community from intestinal mucosa and content of Prussian carp also showed differences depending on the type of DNA extraction method (Fig. 2) . 
Variations in intestinal microbiota of Prussian carp evaluated by two types of DNA extraction methods
The NMDS using Bray-Curtis similarities between the samples (Fig. 3) showed a clear grouping of the samples from intestinal mucosa and content extracted by DNA-sorb B and of the same (Table 3) . For type of tissue, R value was 0.266 (P = 0.001), for type of extraction R value was 0.477(P = 0.001).
Impact of DNA extraction methods on bacterial communities from fish intestinal mucosa and content
Statistical analyses of 25 published articles indicated that intestinal microbiota of fish correlated with type of DNA extraction. Thus, dOTUs G, H, J and dOTUs I and K were extracted only with commercial kits, CTAB and SGT respectively, whereas dOTUs A, C, E, F and L were extracted only with commercial kits and organic methods, respectively. Other dominants (B and D) could be obtained with several methods. In our study, it was shown that the microbiota of Prussian carp using the Axygen Kit was dominated by Proteobacteria and Firmicutes that conformed with dOTU B. Using the DNA-sorb B kit, we found that the microbiota of Prussian carp was dominated by Proteobacteria, Firmicutes and Bacteroidetes (dOTU C), and our results are correlated with results shown in Fig. 4 . Correlation analysis revealed significant relationships between bacterial diversity and other environmental and host physiological factors (Table 4 ). The significant relationship be- tween family and trophic level was also revealed (Gamma 0.63; P < 0.05), thus in CA was included trophic levels as intensively studied factors (Sullam et al. 2012; Bolnick et al. 2014) . CA showed that the eigenvalue of dimension 1 divided the microbiota into two groups depending on age factor (microbiota of adult fish and microbiota of juvenile) and methods of sequencing factor (Sanger sequencing and NGS). The eigenvalue of dimension 2 also divided the microbiota by the type of tissue analyzed (Fig. 4) .
DISCUSSION
In this study, we attempt to address some areas of doubt in regard to the problems presented by procedural/methodological biases and gain a better understanding of how these issues may lead to experimental misinterpretation. We compared two different methods for extraction of microbial DNA from seven Prussian carp intestines through analyzing taxonomic composition and microbial diversity analyses. We showed that the significant differences in the number of reads, OTUs, Shannon index and taxonomic composition were observed between the different DNA extraction protocols.
The taxonomic composition in Prussian carp intestine observed herein is also in line with previously published data on other freshwater fish (goldfish, Carassius auratus; gibel carp, Carassius auratus gibelio) that also revealed Proteobacteria and Firmicutes as dominant microbiota in the intestinal mucosa and content (Silva et al. 2011; Wu et al. 2013) . However, according to other studies on microbiota of intestine of fish from the Cyprinid family (carp, Cyprinus carpio; zebrafish, Danio rerio; grass carp, Ctenopharyngodon idella), the main dominant phyla were Proteobacteria and Fusobacteria (Roeselers et al. 2011; van Kessel et al. 2011; Ni et al. 2012; Li et al. 2013) . Proteobacteria, which seems to be common dominant phylum in most case studies, is not surprising to encounter since this metabolically diverse group contains many notable genera already well described as inhabitants of the gut from fish and other vertebrates (e.g. Escherichia, Vibrio, Helicobacter, Salmonella) , many species of which are also important intestinal pathogens, but also many others which are commensal. Additionally, there is an interesting trend regarding the observation of Fusobacteria as being the dominant phylum when using the CTAB, salting-out and organic methods. The observation of Fusobacteria is somewhat distinct among all the referenced studies. Fusobacteria are not widely described from fish gut microbiota, but are known inhabitants of the human oral cavity (an extension of the digestive system) that can neutralize the pH of their immediate environment by a nitrogenous metabolism. A more nitrogen enriched neutral pH environment determined by microbial metabolic activity can alter a microbial ecosystem, and thereby modify microbial physiological activity of other commensal or symbiotic microbes (Takahashi 2005) . The significance of this finding primarily in the Cyprinidae (and in contrast to their absence in the studies of Salmonids) is worth investigating further.
It is very well known that the different bacterial groups (Gram-negative, Gram-positive, etc.) demonstrate different degrees of resistance to the chemical agents applied in protocols for DNA extraction (von Wintzingerode, Gobel and Stackebrandt 1997; Nelson, Palombo and Knowles 2010) . In some cases, the chemical agents cannot sufficiently break the bacterial cell walls (depending on the composition and structure of the wall) and consequently the DNA is not released into solution, whereas in another case the chemical agents used might lyse cells well but damage DNA in the process. In both cases, it leads to underestimation and/or overestimation of different bacterial groups in the microbial community. Thus, the intestinal microbiota of Prussian carp, studied here, extracted by DNA-sorb B is more diverse than the microbiota from the same samples extracted by AxyPrep. As previously mentioned, the DNA-sorb B kit (which is based on the use of guanidine solution) appears to be more efficient than the AxyPrep kit, which uses a proprietary lysis buffer and proteinase K. Hence, data about differences in bacterial diversity indicate that the extraction/purification step introduces a bias to the observed results of community structure and microbial diversity in fish intestine. In general, all methods of DNA analysis involve direct extraction of DNA from digesta samples without cell isolation, using enzymochemical (with proteinase K, lysozyme and others) or mechanochemical lysis. A great number of methods for DNA extraction have been used to evaluate fish gut microbiota: silica-guanidiniumthiocyanate method (Silva et al. 2011) , organic extraction methods (Uchii et al. 2006; Navarrete, Espejo and Romero 2009; Tapia-Paniagua et al. 2010; Li et al. 2012 Li et al. , 2013 Ni et al. 2012) , salting-out methods (Roeselers et al. 2011) , commercial DNA purification kits (Huber et al. 2004; Moran, Turner and Clements 2005; Butkauskas 2006, Skrodenyte-Arbaciauskiene et al. 2008; Kim, Brunt and Austin 2007; Sun et al. 2009; Ward et al. 2009; Navarrete et al. 2010 Navarrete et al. , 2012 Smriga, Sandin and Azam 2010; Wu et al. 2010 Wu et al. , 2012 Wu et al. , 2013 Cantas et al. 2012; Desai et al. 2012; Tetlock et al. 2012; Bacanu and Oprea 2013; Carda-Dieguez (Han et al. 2010; van Kessel et al. 2011; Zhou et al. 2012) . The much greater number of citations associated with the use of commercial kits suggests that there is a preference for this method of extraction, possibly due to their robustness and high efficiency in cell lysis. But perhaps the choice is more related to convenience and reproducibility rather than other factors such as quality or yield. Various commercial kits are often used in DNA extraction from fish gut, such as the QIAamp DNA Stool Mini kit and DNeasy Blood & Tissue kit (Qiagen); Ultra-CleanTM Soil Kit, PowerFecal DNA Isolation Kit, and Powersoil DNA Isolation Kit (MO BIO Laboratories); Maxwell R LEV Blood DNA Purification Kit (Promega Corporation); Genomic DNA Purification Kit (Fermentas), and many others. We have defined SGT as a separate type of extraction method in this study since many commercial kits contain proprietary commercial ingredients whose constituents the producers do not disclose. However, it can be seen by Fig. 4 that the SGT method and the Kit method are less separated by the eigenvalue of dimension 2 thereby grouping more closely these two methods. This likely is reflecting the high similarity of these two methods which were operationally defined for the purpose of this work as separate methods. Since most kits use silica membranes to capture the isolated nucleic acids and many of the lysis buffers contain guanidine isothiocyanate, similar results can be expected from these two methods. This validates somewhat the results of this metadata analysis.
Due to the multitude of different methods of DNA extraction and multiple analytical methods to investigate such samples, there is no universal method to evaluate bacterial diversity in the fish gut. Even adding an additional step such as mechanochemical lysis with bead beating in the presence of a detergent, which is in common practice for assisting in cell lysis (Yu and Forster 2005) , there is no guarantee of a positive outcome. Unexpectedly, in some cases, the cell lysis with bead beating doesn't provide better results; on the contrary, it was shown that physical disruption using cross-sectional cutting of the exoskeleton of ticks was more effective than bead beating (Ammazzalorso et al. 2015) . Moreover, Wu et al. (2013) have shown that the method of DNA extraction (with and without bead beating) had no effect on the observed diversity of microbiota of fish gut samples. Further and unfortunately, the information regarding the influence of DNA extraction on the diversity of the studied bacterial community in fish guts is absent, with the exception of a few works. In this sense, it has been shown by spectrophotometry that calculating the A260/A230 and A260/A280 ratios obtained from extracted DNA provides metrics for a rough approximation of DNA quality and quantity which is a reflection of the method of extraction used (Giacomazzi, Leroi and Joffraud 2005; Larsen, Mohammed and Arias 2014; Tina et al. 2014) . However, the outcome of the resulting biodiversity from such samples of varying quality was not investigated or presented in those studies.
The analyses herein of DNA extraction methods and their influence on bacterial diversity also included a meta-analysis of published data on the taxonomic composition in the intestine offish. Previous studies revealed a 'core microbiome' from intestines of fish dominated by Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria (Smriga, Sandin and Azam 2010; Sullam et al. 2012; Ye et al. 2013; Llewellyn et al. 2014) . Unfortunately, the only fish taxa analyzed for both types of DNA extraction methods were represented mainly by the families Salmonidae and Cyprinidae. The results of our metaanalysis have shown that all of these major groups of bacteria could be identified with the methods of DNA extraction used. Also, meta-analysis has demonstrated that the dominant taxa of one or another major group of bacteria observed in fish in-testine depended on the methods of DNA extraction used. Significant relationships between family, age, type of tissue, methods of sequencing and bacterial diversity were also found among the reviewed works. Furthermore, previous investigations have demonstrated that the variation in the intestinal microbiota in different fish species depends on composition of the diet, trophic level of the fish, intestinal microenvironment, age, geographical location and environmental conditions (Uchii et al. 2006; Yang et al. 2007; Sullam et al. 2012; Wong and Rawls 2012; Ye et al. 2013; Bolnick et al. 2014; Clements et al. 2014; Kashinskaya et al. 2015) .
Finally, we do not exclude that some factors such as sample size used for initiating the extraction can affect results obtained in studies of bacterial diversity in fish. Thus, different commercial kits suggest optimum sample size for starting material in the extraction (e.g. 100 mg vs 20 mg in the case herein of the DNA sorb B and Axy Prep kits, respectively). These differences are possible sources of bias primarily affecting differences in bacterial diversity of the minor OTUs obtained in our work. The possible impact on bacterial diversity in fish gut of the sample size used for extraction was also noted by Larsen, Mohammed and Arias (2014) . This study also showed that significant differences due to type of analyzed starting material (mucosa and content) were obtained despite use of different extraction methods. These findings are in line with previously published works, where it was suggested that the bacterial diversity in the mucosa might be different from the bacteria in the intestine contents (Kim, Brunt and Austin 2007; Wu et al. 2010; Larsen, Mohammed and Arias 2014) . In a recent opinion paper (Clements et al. 2014) , it was stated that, 'the field (of study of fish microbiota) needs to develop through an understanding of the varying role that these microbial communities play in fish'. For this development of the field to occur as Clements and co-authors argue, it is imperative that the component parts of the gut be analyzed separately to understand more fully the roles being played by different microorganisms as they relate to nutritional, health and immune status of their host. To what extent are they assisting in digestion or stimulating immune status? Which bacteria are commensal and which are truly symbiotic and which are merely observed passing through the gut as part of the ingesta?
CONCLUSION
This study represents a first of its kind in regard to the Prussian carp. However, the sample set used was obtained during the summer season and additional temporally distinct sample sets should be analyzed to determine what effect seasonal changes in feeding habits might have on the microbiota. Herein, we demonstrated the major effects that DNA extraction methods can have on estimations of microbial diversity and taxonomic composition in the intestinal mucosa and intestinal content. Microbial diversity, community structure, proportions and number of reads and OTUs obtained by different DNA extraction protocols can lead to a bias in results. Furthermore, as the 'gold standard' method for DNA extraction is absent, and downstream processing like method of library construction and specific type of NGS platform used, can also bias the final outcome, the 'true' diversity of the bacterial community awaits development of a universal methodology that will allow comparison between samples and labs without introduction of methodological bias (Kirk et al. 2004; Han et al. 2010; Wu et al. 2012; Fakruddin and Mannan 2013) . Consequently, knowing these possible sources of bias exist, researchers should be conservative in conclusions about community structures. Therefore, we recommend two significant points in bacterial community studies offish gut: (i) whenever possible divide samples for microbiota analyses into their constituent parts, mucosa and chyme (intestinal content) to enable identification of autochthonous bacteria resident in the gut from those merely passing through and (ii) combine several extraction methods, if possible, to recover some of the observable biodiversity that is lost when using only one method.
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